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Factors Governing Different Types of Precipitation. 

The question of Just what causes precipitation In general, and what 
causes a particular type of precipitation has Interested roan for many ages 
and will probably always Interest him since man f s prosperity, contentment 
and in most cases his very existence depends on the fall of precipitation 
of favorable type and quantity. 

In considering precipitation the following classifications are suggested: - 

A. Classification according to the form and appearance of the lrri ividual 
particles, le, morphologically, as rain, snow, sleet, hail, etc. 

B. Classification as to air mass conditions, or combined frontal and air mass 
conditions, which cause the lifting and cooling which finally result in preciplta 
tion, such as:- 

1. Air mass conditions. 

a. Potentially instable, becoming instable. 

1. Shower type precipitation caused by convection due to surface 
heating alone sufficient to initiate free convection to the 
ice crystal level. 

2. Precipitation from thunderstorms caused by convection due 

to surface heating alone sufficient to initiate free convec- 
tion. 

3. Shower type precipitation caused by orographical lifting 
sufficient to initiate free convection. 

4. Precipitation from thunderstorms caused by orographical 
lifting sufficient to initiate free convection. 

b. Stable air mass, remaining stable. 

1. Precipitation caused by sufficient orographical lifting 
either to reach ice crystal level or to cause sufficient 
condensation to produce precipitation. 
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11. Frontal Conditions 



a. Warm Front or cold frorfc precipitation Involving stable air. 

1. Warm front type - steady precipitation. 

2. Cold " « u »j 

3. Warm 51 ” - occlusion - steady precipitation. 

4. Cold front type occlusion - n 0 

5. Pre-frontal orographical precipitation. 

b. Warm front or cold frortt precipitation Involving unstable air. 

1. Warm front type Intermittent precipitation. 

£. Warm front type thunderstorm precipitation. 

3. Cold n n showery n 

4. Cold f} n thunderstorm tt 

6* Warm n tt occlusion showery type precipitation or 
thunderstorm precipitation. 

6. Cold front type occlusion showery type or thunderstorm 
type precipitation. 

A further classification of precipitation from the standpoint of Intensity 
may be made, the various degrees being mist, drizzle, light, moderate, or heavy, 
etc. The factors which determine the intensity and duration of precipitation 
will be discussed later. 

A survey of the problem of factors governing different types of precipita- 
tion soon reveals that investigation of the formation of different morphological 
types of precipitation is handicapped by: 

1. Scarcity of sounding data for immediately before, during, and after the 
formation of a morphological type, and at the precise level where the 
precipitation is forming. 

2. Lack of observations taken in the very turbulent regions of thunder- 
storms due to the danger to airplanes of the severe turbulence. 

Vertical velocities over 100 meters per second must have been required 
to support some hailstones which have fallen. 
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3. The degree of accuracy of Instruments usually carried aloft Is not up 
to laboratory standards. This is especially true of the hair hygro- 
meter which, as Is well known, gives erroneous readings at low tempera- 
tures. 

4. At present only a confusing maze of theories, many based on laboratory 
and other experiments, however, exist for the explanation of the forma- 
tion of raindrops from the condensation on fine nuclei in the air and 
for the explanation of the formation of snowflakes and large rain drops. 

Following Is a brief summary of some of the theories concerning the formation 

* 

of raindrops. 

Bennett (1) concludes that:- 

lst. The nature of the nuclei of condensation. 

Considerable doubt still exists concerning the nature of the nuclei of 
condensation in the air. Microscopic examination of nuclei found in 
fog particles reveals singly refracting crystals, presumably of sulphates, 
chlorides, nitrates and chloride salts. Experiments by Wlgand and Boylan 
seem to show that ordinary dust particles do not act as nuclei, even In 
a supersaturated atmosphere. Presumably It Is only the water soluble 
salts which act as nuclei, either dry or in the form of solutions or 
hydrates. 

2nd. The source of nuclei - two possibilities - the sea and smoke. 

3rd. The properties of the nuclei. 

If the water vapor pressure which they exert In the zone of atmosphere 
immediately surrounding them is less than In the atmosphere In general, 
water will tend to condense on the nuclei; If It is greater, water will 
tend to evaporate from the nuclei. If water is present. Its vapor 
pressure will differ from the vapor pressure over a plana surface of 
pure water due to three effects, namely (1) the convex curvature of a 
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drop (hence the size of a drop effects the vapor pressure* a drop of 
pure water of radius 10“^ cm and temperature 10° C would have a vapor 
pressure of 1.2 per cent above saturation over a plane surface, and a 
drop of 10 cm, 12.7 per cent above. (2) Hie presence of the salt 
In solution would lower the vapor pressure. (3) An electric charge 
on the nucleus will decrease Its vapor pressure. Thus If a nucleus 
in equilibrium with an atmosphere of given relative humidity were to 
increase In size, two opposing forces would come Into play and it seems 
impossible, in a particular case, to say whether or not the resultant 
tendency would be for the vapor pressure to rise and hence for tte drop 
to revert to its original size. 

(1) M* G. Bennetts Quarterly Journal of the Royal Meteorological 

Society. Vol. LX No. 253 Jan. 1934. 

4th. The production of raindrops. 

By Stoke*s Law the Velocity (cm per second) of falling droplets varies 

6 2 

with their radius (cm) as follows:- V s 1-21 x 10 r where r - the radius 
cf the drop in cm. Hence small fog droplets fall so slowly that they 
say seem almost permanently suspended, and even incase of larger cloud 
droplets a current of air rising with a fairly small velocity can main- 
tain them at a constant height or oven carry them aloft. Consider then 
how the larger drops, which fall out as precipitation, are formed. 

As Simpson (2) pointed out:- 

(1) The nuclei may grow continuously by condensation only to a certain 
definite size depending largely on the type of nuclei. 

(2) Only drops of the same salt solution may unite. 

Bvldence for abandoning the belief that drops may grow con- 
tinuously in increasing relative humidities up to the maximum possible 
size of raindrops has not yet been produced. 
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The agencies which seem to affect the coagulation of fog or stratus 
particles into rain seem to be:- 

(1) Turbulence - which tends to force drops together mechanically. 

(2) The viscosity of the air - which permits larger droplets to fall 
faster than small ones and to overtake and collide with them. 

(5) The electric force of repulsion when the drops carry like charges tends 
to prevent coagulation of drops. 

(2) G. C. Simpson, Brit. Ass. Adv. Sci., Leicester Meeting, 1933. 

A theory of Hutnphrey T s (3) which is well known regards the formation 
of raindrops as due to "selective filtration" of the nuclei by the sinking 
of nuclei relative to the air after water condenses on them so that as the 
air is lifted higher fewer and fewer nuclei remain, and consequently the 
remaining moisture condenses in larger and larger drops on the remaining 
nuclei. 

(3) W. T. Humphreys - Physics of the Air (1929) pages 264 and 266. 
Bergeron (4) favors the ice crystal theory. Briefly, this theory 

states the mechanism for the formation of precipitation in cumulo - nimbus 
clouds is that ice crystals from the top of the cloud drop down into the 
water part of the cloud. The small water droplets gather over the ice 
crystals and form raindrops, however, if the water in the cloud is under- 
cooled, then the ice crystals gather under-cooled droplets which immediately 
freeze into snow or ice. The latter case will be discussed in more detail 
in connection with the formation of snow or hail. 

Tho ice crystal theory is plainly not applicable to drizzle and other 
light precipitation from stratus and strato-cumulus lying well below the ice 
crystal level and when prolonged over a period of about a day the quantity 
of rainfall from these sources can become fairly large. 

A theory of the formation of raindrops and snowflakes which has never 
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been completely disproved is that of Pick (5). It is that ascent of air 
(accomplished by any moans) Is accompanied by expansion and coollrg. When 
the dew point is reached, condensation occurs on the nuclei present. The 
droplets formed at first are very small, probably of the order of 0.002 mm. 
and thus they are carried upward with the rising air. Further ascent means 
further cooling and more condensation of water on the drops. When the 
diameter reaches 0.2 mm, the drops are falling relative to the air at the 
rate of about 1 meter per second which is more rapid than air currents 
normally rise and thus precipitation occurs from the cloud. 

When condensation occurs only after the freezing point is reached, the 
water vapor condenses, first, into liquid drops of sub-cooled water which 
erystalize afterword. Once the first crystals are formed, further condensa- 
tion takes place, but now the vapor condenses directly into the solid form 
without going through the intermediate liquid stage. This water vapor 
crystal izes into hexagonal form and snow flakes are formed of one or more 
crystals. Simpson’s conclusion (6) that sub-cooled water exists at much 
lower temperature than is generally thought possible was arrived at from a 
study of fogs and iridescent clouds seen in the Antarctic. He describes an 
occasion on which he was enveloped in a fog during sunshine. The surface 
temperature was - 21°F. A white bow appeared, similar to a rain bow. His 
conclusion Is that the effects observed in the fog could only be produced by 
the refraction of light by small spheres and that therefore super-cooled 
Y/ater droplets must have been present. 

(5) W. H. Pick - A Short Course in Elementary Meteorology 1920) 

(6) G. H. Simpson - Quarterly Journal of the Itoyal Meteorological Society. 

Vol. 38 Page 291 (1912). 
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He then states that a similar chemical condition is frequently found in 
which ’’when a new phase which is finally solid, makes its appearance suddenly, 
whethei* from vapor or solution, it appears first as a liquid and it may run 
through many intermediate (labile) forms before reaching its final solid form. 
Sulpher, fer Instance, forms globules, which crystallize later.” 

Before proceeding further it is advisable to consider the stability of the 
atmosphere and the factors affecting it. 

Tho degrees of stability in the atmosphere and the manner in which it is 
altered is very Important to the formation of precipitation since the degree of 
stability of the atmosphere contributes materially to the production cf turbulence 
and vertical convections. 

The effects of lifting or sinking, convergence or divergence of air mass 
layers are:- 

£ar a sJtofrltJl&zar.; 

Whether the layer be saturated or unsaturated, lifting decreases stability, 
but con never cause the layer to become unstable; sinking increases stability. 

Divergent flow increases the stability of a stable layer, Increases the 
Instability of an unstable layer, dry or saturated. 

Convergent floy/ decreases stability , of a stable layer and decreases the 
instability of an unstable layer, dry or saturated. 

For unstahlft rtlr : 

Lifting decreases the Instability before saturation but Increases it after 
saturation- 

Sinking Increases the Instability before saturation but decreases it for a 
saturated layer. 

For potentially unstable air ; 

The effects of lifting and sinking are naturally the same as fcr stable air 
before saturation and the same as those for unstable air after saturation- 
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Morphological Types cf Precipitation. 

1. Mist consists of gentle precipitation of moisture particles barely 
larger than fog particles. Its Intensity of fall in millimeters per 
hour is of the order of 0.05. 

Mist may fall from low level stratus or strato-cumulus clouds in case 
of gentle lifting and turbulence, or It may be the result of partial 
evaporation in the lower levels of the atmosphere of snow or light rain 
falling from higher clouds especially alto-stratus. The sounding for 
Murfreesboro, Tenn. for 9 February, 1937, (page30) Illustrates mist due 
due to the latter reason* This sounding shows an alto-stratus overcast 
condition from 2860 to beyond 3990 meters. From 3990 to 3500 meters 
icing conditions prevail, from 2220 to 1800 meters is the snow region, 
from 1800 to 1080 meters is a region of light rain, from 1080 meters 
to 700 meters Only light mist prevails due to the partial evaporation 
of the falling light rain. Below 700 meters no precipitation is occurr- 
ing as jet since the mist is completely evaporated below this level. Of 
course, with the continuation of the precipitation from higher levels 
(due to overrunning of warm moist air over a warm front) the mist soon 
reached the surface and was closely followed by light to moderate rain. 

Mist originating from stratus or strato-cumulus clouds is much more 
common than that due to partial evaporation of light rain or snow from 
higher levels since usually the evaporation process is either so complete 
that no precipitation of any kind reaches the surface or the evaporation 
process is so ineffective that precipitation of particles of larger size 
than mist occurs. 

Mist is usually caused by a marked onshore drift of warm, moist but 
fairly stable maritime air, accompanied by gentle lifting and turbulence. 
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Mist generally occurs at night, especially soon after sunset. The effect of 
radiation from the cloud top is to cool it and thus to increase the lapse rate 
and cause some instability. Mist or light drizzle may result also from the sudden 
formation of lower cloud systems in Polar Continental air in winter, due principally 
to the gradual lifting of this air in the convergent zone near a front Polar Con- 
tinental air in winter has very high relative humidities and very little lifting 
is necessary to saturate it. If this lifting occurs at night then ceilings and 
visibilities will drop very rapidly due to the mist or drizzle. 

(2) Drizzle consists of small droplets of the order of 0.2mm in diameter 
which are so numerous that they seem to fill the air. Drizzle usually falls fairly 
gently; its intensity of fall being about 0.25 mm per hour. Like mist it may be 
due to partial evaporation of precipitation from higher stratus or strato-cumulus 
levels but it usually falls from fairly thick stratus or strato-cumulus clouds. 

Like mist it is usually caused by advection of a rather thick layer of warm, moist 
but fairly stable maritime air* accompanied by lifting due to convergence or to 
orographical causes with sufficient turbulence to cause the cloud particles, 
especially those in the lower and denser part of the cloud, to coalesce due to 
mechanical forces causing collisions. 

It seems reasonable to believe that ths size of the droplets will depend 
largely on the thickness of the saturated layer and on the amount of turbulence 
agitating it. It would thus appear that drizzle or light orographical rain in 
stable air is a function of the thickness of a stratus or strato-cumulus layer 
and the degree of turbulence within it. In the case of non- orographical mist or 
drizzle the stratus level is usually lower, the clouds thinner, and the lifting 
and turbulence less than in the case of light orographical precipitation. 
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The feet that almost any light rain is called drizzle by many observers 
sometimes renders it difficult to Judge whether or not a station reporting 
drizzle Is in the warm sector of a nearby cyclone* 

The following table represents the distinctions between certain different 
types of precipitation largely from the standpoint of intensity of fell* 

Air Density at 0°C and 988 a.b. 



Popular Mama 


Intensity 


Diameter 
of Drops 


Terminal 

Velocity 

V.m/sec 


Milligrams 
of Liquid "'a ter 
In Cloud 

.. Per cu. meter ..... 


Height 
of Cloud 
Above Surface 
in deters 


Fog 


Trace 


0.01 


0.003 


6.0 


0 


Mist 


0.05 


o.i 


0.25 


66.5 


100 


Drizzle 


0.25 


0.8 


0.75 


92*6 


200 


Lt. Rain 


1.00 


0.45 


2.00 


138.9 


600 


Mod* Rain 


4.00 


1.00 


4.00 


277.8 


600 


Heavy Rain 


16.00 


1.5 


6.00 


333.9 


1000 


Bxcesolve Rain 


40.00 


2.1 


C.00 


1851.9 


1200 


Cloudburst 


100.00 


3.0 


7.00 


6401.4 


1200 






6.0 


8.00 







As can be seen from the table, raindrops vary in size from about 0.45 to 
about 6*0 mm* Various theories for the manner of formation of raindrops have been 
given* It appears that some of the theorise are more applicable to light, small 
drop precipitation from well below tho ice crystal level while others involving 
the ice crystal theory account more perfectly for tho formation of large drop 
precipitation. 

Tho chief requirements for the formation of rain instead cf some frozen type 
of precipitation is that the condensation level lie well belor/ the ice crystal 

level shd tn ® 



-10 



accelerated rising vertical currents not continue very far beyond the Ice crystal 
level. 

The steps In the formation of rain of the smaller sizes of droplets which 
are still larger than drizzle droplets seem to be orogrsphlcal or other lifting 
of fairly stable but moist air, the formation of thick stratus or straro-cumulus 
clouds and fairly active turbulence within the clouds. As stated previously It Is 
believed that the size of the drops depend on the amount of lifting, the thickness 
and density of the clouds formed, and the degree of turbulence In the clouds. 

(4) Snow consists of precipitation In the form of flakes consisting of one 
or more Ice crystals which form an infinite variety of patterns. If snow falls 
when the temperature Is comparatively high, large wet flakes fall since some melt- 
ing Is taking place; with lower temperature, the flakes are smalle r and dryer. 
Conditions favoring the fall or snow are: 

(a) The Ice crystal level close to the ground or temperatures below 
freezing at the ground, and (b) condensation not occurring until above 
the ice crystal level, and (c) moderate to strong turbulence In the cloud 
region. With temperatures near the ground much above 0°C any falling 
sno?/ will molt and the precipitation wlllbe In the form of rain. In many 
cases the temperatures near the ground are high enough to melt and 
evaporate the snow and rain unless the specific humidity within the cloud 
is high enough and the condensation level fairly low. Sheets of falling 
snow and rain which never reach the ground are occasional ly observed In 
the sky. 

The conditions aremost easily met (a) by frontal conditions Involving 
two polar air masses In winter, such as air masses of Polar Pacific and 
Polar Continental origin, or (b) by Instability set up In a Polar Pacific 
or Polar Continental air mass In winter or early spring by orographical 
lifting, especially if the air mass has had recent water trajectory as In 
the case of fairly fresh Polar Pacific air lifted as It flows Inland i n1:o 
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Washington and Oregon, or In the case of Polar Continental air after 
passage over the Great Lakes which heats the air si Ightly and adds 
moisture to the lower levels. 



HAIL 

(5) Hail Is generally divided Into two classifications: soft hall, or 
"graupel”, and hall, meaning hard hall. R Graupel tt consists of semi-transparent 
lumps composed of a soft core of white Ice or granulated snow and a thin hard 
coat of clear ice. They are usually round, but are sometimes conical. They 
are fairly hard but can be compressed between the fingers to some extent. 
"Graupel” frequently occur along with raindrops for reasons which will be dis- 
cussed later. Hall, le, hard hall. Is of the same construction as soft hall 
except that It has many layers of clear Ice around the same type of core. 
Actually, as will be seen from a consideration of how hall Is formed, there Is 
an infinite degree of variation In hailstones, simply depending on the number 
of alternate layers of clear Ice and soft Ice or snow around the core. 

For the formation cf hall the chief requirements ere:- that vertical 
velocity somewhat greater than that required to hold raindrops aloft must exist 
at the ice crystal level, that condensation occur below the Ice crystal level 
and that the vertical velocities must continue to accelerate r apldly fcr a long 
distance beyond the Ice crystal level. 

Ice crystals and sub-cooled water exist together for some distance 
beyond the Ice crystal level. The extent of this region is not known. The 
state Is an unstable one. If a sub-cooled droplet strikes an Ice crystal It 
at once solidifies, but at the same time Imprisons a little air. The Ice 
crystal increases In size and will begin to fall If the velocity of the ascending 
air is not too great. As it fells through the sub-cooled water region It grows 
still more and imprisons more air, arriving at the bottom of the sub-cooled 
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zone as a ball of soft ice. If the velocity of fall through the sub-cooled zon© 
has been great. It arrives at the region where the temperature Is Just 0°fc, with 
Its own temperature below QPO* Consequently, any further falling means that water 
which is present In a non sub-cooled state at and below the Ice crystal level is 
deposited upon It In a uniform layer which quickly freezes into a hard transparent 
coating with little or no air imprisoned in it. Vertical currents and turbulence 
may be sufficient to carry the hail stone again into the region of sub-cooled 
water, a layer of soft ice being formed around the previous transparent layer. 

This process may be repeated until vertical currents can no longer sustain the 
falling hailstones and they reach the ground. 

In the case of soft hail it is apparent that the vertical velocity at 
the ice crystal level Is very little morethan the 8 meters per eecond required to 
sustain large raindrops and the acceleration decreases rapidly above the ice 
crystal level. The fact that soft hail frequently falls along with some rain 
indicates that vertical velocities at the ice crystal level ere fluctuating from 
Just above the 8 meters per second requirement to sustain large raindrops to below 
this value or that some melting of the hail is taking place. 

It is well known that there must be regions of compensating down currents 
whenever we have vertical currents. Airplane pilots have frequently observed the 
sudden changes in acceleration and velocity as they pass from one cumulo-nimbus 
cloud to another. The clear space betwem clouds is the region of the strongest 
down currents. Ihe smaller the distance between the cumulo-nimbus clouds, the 
greater the downward current between them. 

SUSBT 

(6) Sleet consists of precipitation in the form of ice pellets and is 
formed by the freezing of raindrops or melted snowflakes as they fall through a 
cold air mass having temperatures well below freezing. It is usually the result 
of frontal overrunning of warm moist air, such as a Tropical Gulf air (asJFGg) 
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over an air mass with temperatures well below freezing at the surface, such as 
a Polar Continental air (asPCg). The frontal surface regions at and abcve the 
condensation level In such a case present the worst conditions for Icing of 
aircraft . 



USB OF ADIABATIC CHART FOR DETERMINING INSTABILITY PHENOMENA » 

From consideration of soundings taken previous to the occurrence of various 
Instability phenomena It appears that useful distinctions cm be made between 
the requirements for cumulus cloud formation, showers, thunderstorm with rain, 
thunderstorm with soft hail, and thunderstorm with hard hall. Type one situation 
represents conditions for the formation of cumulus but no precipitation* Here a 
small positive area exists causing convection, but a sufficiently large negative 
area above this insures that the clouds cannot extend to the ice crystal level. 

Type two represents conditions favoring the formation of cumulo-nimbus 
showers. The ascent curve In this case as In all the cases represents the actual 
ascent curve corrected for probable lift, for effects of divergence or convergence 
and altered according to expected variations In specific humidity, as due to an 
expected water trajectory before the air of the sounding reaches the forecast 
region. 

In type two, the Ice crystal level lies within the positive area and sufficient 
positive area lies below It to allow vertical velocity less than the 8 utters per 
second necessary to support large raindrops. No lightening occurs since the 
velocity at the Ice crystal level is Insufficient to break up raindrops and to 
establish by so doing differences in potential which are large enough to cause 
lightening. No hall occurs since the vertical velocity cannot sustain even rain- 
drops . 

In type three, a thunderstorm with precipitation as_rain would occur. Here 
the Ice crystal level lies within the positive area In such a way that a fairly 
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large part of the positive area lies below the ice crystal level and a relatively 
small part lies above the ice crystal level, the acceleration of the rising particle 
changing to negative a relatively short distance above it. 

Sufficient turbulence and vertical velocity in excess of 8 meters per second 
exist at the ice crystal level to split raindrops in sufficient quantity to cause 
lightening but vertical velocities are insufficient to cause the formation of hail 
in any form. 

Type four is similar to type three except that vertical velocities much greater 
than 8 meters per second exist and the acceleration remains positive up to higher 
levels. In this case a thunderstorm would occur accompanying the fal 1 of soft 
hail or soft hall and rain. 

In type five a thunderstorm would occur with the precipitation in the form of 
hard hail, the size of the hail stones depending on the magnitude of ths vertical 
velocities reached beyond the ice crystal level, the vertical velocities at the 
ice crystal level being very much greater than 8 meters per second. 

A consideration of the adiabatic chart shows that the longest positive areas 
are formed when the temperature lapse rate is very large, approaching the dry 
adiabatic from within the lowest two kilometers extending upward without inversions, 
and if lower parts of this region of steep lapse rate are very moist so that they 
will start following the moist adiabatic after only a very short lift. 

These conditions exi*t in case of sufficient lifting of very warm end moist 
Tropical Gulf air in the lower two kilometers overrun by very dry air, such as an 
old Polar air Which has been subject to a great deal of subsidence. 

All the conditions can be covered by simply stating that a large positive 

area is formed and the Indicated energy is realized if the lapse rate of equivalent 

potential temperature is excessive at low levels, and if sufficient lifting is 

available to saturate the lower part of the region characterized by negative d9, 3 . 

dS 

Severe thunderstorms occurred in Missouri on 29 April, 1937, when the lifted 

air showed that the kilometer Just above 1160 meters had a lapse rate of equivalent 
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potential temperature of 2l°C per kilometer® A lift of only 800 meters was 
required to saturate the 1160 meter level and this lifting was easily accomplished 
by the air being squeezed between an advancing cold front and a retrograde warn 
front. Hail stones two inches in diameter fell at Columbia, Missouri. 

As previously stated for a thunderstorm to occur the condensation level must 
be below the ice crystal level and the ice crystal level must have sufficient 
positive area below it to Insure vertical velocities sufficient to violently dis- 
rupt raindrops and to thus establish sufficient differences of potential. 

In considering the positive areas on adiabatic charts representing the energy 
available due to temperature differences, level for level, between the ascent curve 
as corrected for probable lift, for probable effects of divergence or convergence, 
and for probable addition of moisture to the lower levels, it soon becomes apparent 
that a relatively small positive area at lower levels is as effective as a relatively 
larger positive area at higher levels. The reason for this becomes apparent when 
we consider the equation for acceleration duo to differences in density. 



(1) A - 

The air layers of particles being considered are assumed to be at about the 
same Pressure since they are in the same vicinity and at the same level, therefore, 
V is considered constant. 



Substituting: f\ 0 * (j* ~tT)_ 



, K 



_L 

T. 



m. 



A at some other level < A< "At \ 



comparing A K with A* for a 1° temperature difference at each level, ie, using 
7 ( ^ T v - / 0 and neglecting the very small error introduced due to failing to use 
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a gas constant R in each case which depends on the water vapor content, le, 
considering the R's as equal for all levels under consideration then: 

At ,(#* xCTZ); 

TT" CP)o c 

This resultsin a comparison of the acceleration resulting at one level per 
degree difference in temperature between the rising air layer or particle and its 
surroundings with the acceleration resulting from the same difference in temperature 
at any other level. 
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If ?. -'^OO^ ft- * '2.73 i(/^ ■Z^ltho 

lapse rate being assumed to be about half way between the dry end tho moist 
adiabatic) then d - ^ - ° — 1 * /,/6 = 

4*<W l*° 

, 9 ^, P^zoo-mi* 9 (jOo*m JTIA **?*•* 

* /on --.<?/* 

It is seen that the change in acceleration with elevation for n 1° difference 
between the temperature of rising layers cr pa rticles and the temperature of tho 
surrounding air (so shewn by the corrected accent curve) Is largely due to the 
change in pressure# the effect due to the decrease in temperature with elevation 
being to tend to increase the acceleration produced as elevation is increased* 

It would be hlj^ily desirable to devise a rapid and fairly accurate means of 
determining the vertical velocities which would result at different levels in esse 
tho energy Indicated by a positive area is rode available* Such determination of 
the vertical velocity is not now possible# but conclusions can be drawn free the 
size end vertical extent of the positive area* 

In view of the fact that very little data is available which is 
suitable for use so a basis for invest igntion of the causes of many of the morpho- 
logical types of precipitation and since up to now no one has entirely explained 
©von the formation of raindrops and snowflakes, it socks advisable to investigate 
the various frontal and air maos conditions with which precipitation is associated 
noting any facts which become apparent regarding the factors af footing different 
morphological types of precipitation* 
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THE EFFECT Off MOUNTAIN RANGES ON STAB IE AMD UNSTABLE AIK MASSES 

(Extracts from a paper by Dr. Irving P. Krlck, are included herein*) 

Particles in a stable air mass resist vertical motion and hence tend to 
resist passage over a mountain. If there is a horizontal outlet available around 
the mountain then the stable air mass will flow around rather than over the 
mountain* However, if no horizontal outlet Is available, the gradient must be 
such that sufficient energy is available to accomplish the work required In 
raising tho air to the top of the mountain before a flow over the mountain will 
result. Normally, the stable air simply curves around the obstacle, entirely 
avoiding any vertical displacement. But if a long mountain range stands in the 
way, then a damming up of the air flow results. Uiis is shown on the synoptic 
maps by high pressure on the windward side of the ranges and low pressure on the 
leeward side. No wind velocities over the ranges occur, however, which are 
comparable to that which tho existing pressure gradient would normally Indicate. 

In this case, the mountain ranges prevent the realization of the potential energy 
of the air masses by preventing their contact at lower levels. The pressure 
gradient merely Indicates, in this case, that the air masses on tho two sides of 
the mountains are of different weight. 

In unstable air, however, the upward impetus which It is given on reaching 
the mountains is retained and acceleration continues, the unstable air flowing 
readily over the mountain ranges. This effect has been photographed with movie 
camera and when shown with the sequences speeded up greatly, billows of clouds 
seem to pour over mountain tops giving the appearance of water flowing over a dam. 

If flowing against an extensive mountain range, all the air dan not escape 
laterally; some air must ascend, even in the case of stable eir masses. If the 
ascent is sufficient, then the condensation level is reached and cloudiness 
occurs - the type depending on whether or not the air mass is stable:- stratiform 
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clouds In case of stable air mass; currulo Torn clouds In case of unstable air 
mass* If lifting is continued orographlcal precipitation occurs. The orographical 
precipitation will be of a fairly steady type if resulting from a stable air mass, 
as In the case of stable tropical pacific or tropical maritime air being forced 
aloft. 

In case cf an unstable elr mass, such as fresh Polar Pacific, sno? or rain 
showers occur. The rainfall in this case is usually much heavier then in the 
stable case* In the stable case the air resists vertical d lsplacsment and curves 
around the mountains as best it can while in the unstable case the air does not 
resist the vertical movements initiated by the mountai ns, rand hence is better able 
to produce precipitation. The sho7/ers occurring at sea are retarded by the passage 
of the air mass inland, hence the distances between showers moving lnlmd is 
decreased and a piling up against the mountains results. 

The convergence of air passing around a mountain corner has been found to 
result in a sort of light orogr^hlcal precipitation. Easterly currents passing 
around the southern extremity of the Scandinavian ranges frequently give rise to 
strong local gales accompanied by light rain or snow fall entirely independent of 
any frontal cause. 

A good example of orographical precipitation in unstable air passing over high 
mountains is found in the India Monsoon during the summer months. This air which 
blows in off the Indian Ocean is very warm and moist, and is convective ly uhstable. 
Upon passage Inland it is heated from the ground and becomes even more unstable. 
F/hen it reaches the Himalaya Mountains it is forced to ascend and heavy instability 
type precipitation results. Due to its extreme initial convective instability it 
requires only a small lift (or cooling) to relieve it cf large quantities of 
moisture. It must continue to climb so high in surmounting these mountains that 
by the time it reaches the plateaus cf Tibet it is too dry to give any more 
precipitation. 
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Combined orographical precipitation and cold front precipitation, 

after «T. Bjerknes 
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He frequently observe a similar phenomenon In the case cf Polar Pacific air 
losing most of Its moisture in its travel over Washington, Oregon, Idaho and 
Montana so that very little moisture remains when it has crossed the Rockies. 

However in cases when fresh Polar Continental air lies east of the Rockies (winter), 
then the Polar Pacific acts as a warm mass over the Polar Continental air and a 
blizzard condition results. After the air of Folar Pacific origin has stagnated 
over North Central U. S. for a day or two when it may form a cold wedge under a 
Tropical Gulf air mass, and warm front precipitation as rain or snow over the 
Northern Mississippi Valley States can result. 

EFFECTS OP MOUNTAINS ON APPROACHING FRONTS . 

The accompanying sketches (Figure 1) illustrate the effects of the approach 
of cold fronts making various angles with the face of a mountain. In cases (a) 
and (b) the fairly large pattern cf pre-frontal precipitation is formed due to 
the component of the current in advance of the cold front which normal to the 
mountain contours. In case (c) the flow is toward the narrow edge of the mountain 
and divergence results so that the only pre-frontal rain fcrmed will be in a small 
area at the edge of the mountain and this precipitation merges with the cold front 
precipitation. 

The effect of a mountain ridge on a warm front is illustrated by the 
accompanying sketches (Figure 2). A typical warm front whose slope is greatly 
exaggerated is shown approaching a mountain ridge. The mountain tends to regard 
the advance of the warm front. The lower stream lines in the air under the front 
being deflected upward by the mountain. When the frontal surface reaches the 
mountain ridge cold air is trapped against the ridge and only the upper portion 
of the warm front can get over the top cf the ridge. The clouds dissipate in the 
downward current on the leeward side of the ridge and precipitation is confined to 
the windward side. Some distance beyond the ridge the upward currents are resumed 
and the froncal surface reforms with its characteristic cloud system and precipitation. 



- 21 - 












. 











Formation of secondary cyclone due to damming effect of high 
mountain ranges, 



after J. Bjerknes 



Figure 3 



In some cases the cold wedge trapped on the windward side of the ridge is 
maintained with its clouds and precipitation for an abnormally long tics and an 
excessive quantity of rainfall occurs. This was the situation causing the flood 
conditions in the Los Angeles region in January, 1935. A warm front with an open 
warm sector approached the coast and rain persisted on the west slopes cf the 
coasted ranges until the warm sector was finally occluded by the arrival of a 
cold front and since the air behind the cold front was colder than the trapped 
wedge of cold air it replaced the cold wedge and stopped the precipitation. 

Another effect of mountain ranges on approaching wave which is found 
occasionally at the southern end of the Allegheny Mountains is illustrated in 
the accompanying sketch (Figure 3). It illustrates the formation of a secondary 
cyclone by the bending of the southern part of the warm froifc to the northward 
around the mountain by the warm sector current. The northern part of the wave 
occludes against the mountain side and stagnates there while the southern part 
of the cold front together with the southern part of the warm front surface 
which can move freely around the end of the range form an open wave which moves 
off as a secondary system. 

PRE-COLD FRONT OROGRAPHIC AI. PRECIPITATION . 

The approach of a cold front to regions presenting orographical obstacles 
to the flow causes a change in wind direction and generally an Increase in wind 
velocity. These changes are usually sufficient to change theweather completely 
even for a long distance ahead of the cold front. An exanple of this is the 
approach of a cold front to the California coast. This approach in many cases 
causes an onshore flow of maritime which has a component normal to the mountain 
slopes which causes the air to be forced up the mountain slopes. If this warm 
maritime air mass Is fairly stable then fog or stratus clouds form and drizzle 
or light orographical precipitation may result. If the warm maritime air mess is 
fairly fresh Tropical Pacific air then instability showers or even thunderstorms 
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may result. Another example of pre-frontal orographlcal precipitation Is that 
due to flow Induced up the slopes of the Allegheny Mountains by the approach of 
a cold front from the west. The morning map for 26 October, 1937, shewn on the 
following page illustrates this effect. In this case the warm air being forced 
aloft is fairly stable and only light, steady, orographlcal precipitation results. 
The precipitation Is in the form of rain since tenperatures are well abo/e 32°F. 
in the warm air. The increase in the gradient of pressure caused by the approach 
of the front and the change in wind direction to south westerly aid in forcing 
the warm air up the mountain slopes sufficiently to cause precipitation. 
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Snow Flurrl§£ Due To Surface Heating. 

The sounding for Detroit for 0400 5 February, 1937, indicates that lifting 
cannot produce a significant positive area. Surface heating, however, can form 
clouds at about 700 meters when the surface temperature reaches about 28°F. A 
very small positive area is immediately f ormed which is topped by a very large 
negative area at about 1800 meters. *f the surface temperature reaches about 
31 °F. the size of the positive area begins to be significant and light snow 
flurries could be experienced. Since the amount of surface heating likely to be 
experienced will produce only a relatively small positive area compared to the 
large negative area formed above it, cloud tops should remain comparatively low. 
The specific humidities are low and the velocities likely +- o occur (indicated by 
the size of the positive area) are comparatively small, the turbulence will be 
only light to moderate within the clouds, also the synoptic situation is changing 
so that the flow across the lakes and into the United States will not continue 
for long, therefore, precipitation shouB be as light snow flurries to the south- 
east of the lakes during the day, the amount of precipitation being small. 

No precipitation occurred at Detroit but scattered light snow flurried 
occurred over a large region to leeward of the lakes where temperatures reached 
were higher, the precipitation amounting to only a few hundredths of sn inch. 

Divergence is occurring at Detroit and along the periphery of the high 
pressure area. The tendency at Detroit is t. 06. Divergence would taid to re- 
quire that the surface temperature be higher than otherwise before a significant 
positive area could be formed. 
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Kara Front Precipitation — Rain - — 



The weather nap for 9 February, 1937, shows iiurfressboro, Tenn., on the 
witer fringes of the effects of over-running of T&j eir over a wave on a front 
to the Bast* 

The 0400 sounding for 9 February, 1937, for i^rfreesbcro, Tonn . , shows that 
up to the Halt of the sounding, ia, up to 3990 motors no positive ares exists 
end that If the cold eir under tho front is lifted 360 cetera by orographies 1 
Beans then a small positive area Is formed which contains the ice crystal level* 
Above this positive area an extra large negative ores would bo formed thus insuring 
that only light rain or snow or both could occur* 

Tho sounding does not extend hi^i enough to obtain any Idea about the 
structure of the air over-running the warn front of the wave except tint the 
positive laps© rate of equivalent potential temperature indicated for the upper 
layer indicates that that layer Is stable. 

At the time of tl*o sounding an alto-stratus overcast was present. Ice, 
snow, light rain end aist wore indicated for layers respectively as follows, 
above 3990 to 3600 raters, 2220 to 1600 cetera , 1800 to 1080 raters and 1080 to 
700 motors, but no precipitation in reaching the ground et the time of the sound- 
ing* This is due to evaporation of tho precipitation before reaching the ground* 
Shortly after tho sounding was mode a light end fairly steady rain occurred 
at t'urfrecsboro. 
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Thundershower* Caused By Surface Heating. 

The synoptic situation for the morning of £6 Kay, 1957, shows that a cold 
front has passed San Diego during tho night. Polar Pacific air with about a 
six day ocean trajectory la flowing along the coast from a north direct ion* 
Scattered showers are occurring along the Southern Cel ifornla Coast and in the 
Coastal mountain ranges. 

An 0900 San Diego sounding reports 9 strsto-cumulus froa 1040 to 1580 rooters, 
9 alto cumulus from SICOto £66t>roeters • 

It can be assumed that a column of air forced to rise from the surface will 
retain its value of specific humidity* We, therefor©, use this value and are 
further Justified in so doing by the fact that there Is no surface inversion. 

It Is seen that relative humidities are very high throughout the sounding 
and that lifts of about 100 meters will saturate the lower 3 kilometers end 
about a 400 meter lift will saturate the air to the height of the sounding and 
probably beyond. 

Specific humidities are fairly high throughout the soundings. 

Lifting of less than 100 meters will produce only a very ©snail positive area 
from 1880 meters to about 3200 meters* This positive ares is so small that it 
could have been produced by minor errors in computing the sounding and is con- 
sidered Insignificant. 

An Increase in the surface temperature to 70 r P will produce the positive 
area shown which extends from 1200 kilometers to tho top of the sounding* This 
positive area is of med orate size, extends for 1800 meters below the ice crystal 
level and beyond the limit of the sounding above the ice crystal level. 

If a temperature of about 70° is reached tho conditions appear favorable 
for a thunderstorm with precipitation as rain but not quite severe enough for 
hall. 

The maximum temperature reached by Pasadena was 70°F and a shower accompanied 
by a little thunder and lightening occurred In Pasadena at about 1630. 



£ 5 - 




w 

X 

It 

< 

2 

u 

a: 



w 

U) 

< 

2 

ft 

< 



w 

0 

Z> 

0 

J 

u 



o 

o . 

~a 



t 

J 



<P 



I 

a: 



0. 

U 1 

I- 



w 

u 

tt 

a. 



> 

u 

j 

u 



>*J A <r 

5 \ * 

^ , 



I 



3 'a 

^ r~ ^ 

I ' 



r- 

u» 



o 



r*^ 



<3" 

<>o 



sS, O vS 



7-- 



^3~‘ 

Oc 






Oo> 

o- 



C<N 



d 

Sr 



r^ 

i 



'■0 



C 5 ~ 



O- 



N 



d 

Od 



r^. 

0 c 

d 



V> 

N 

VS 



n 

cn 



o 



ci- 

rv. 



'A 



o 



\ 

> 



<Ci 



C~ 

•CO 



r^- 



d- 



O 

r* 






o 



c<\ 

t 



o 

CX 3 

vS 



V» 

'Tk 



O 

o 



H 



c<v 

i 



<o 

va 

''9' 



d~ 



o 

o 



o 

o 



c 

A 



d 



d 



fS 



V> 



<r 

d— 



r- 

d- 



d~' 

\ 



-d* 

v 9 



-r» 

03 

<o 



rr> 

vS 

d 

Oo 

cO 



<o 

d- 

T 



*\ 

tA 

Ufl 






FORM AL-3 1 OM- 4*3 7 



Example of thunderstorm -due to surface heating - precipitation as rain* 
The 0400 5 May, 1937, sounding at Dayton, Ohio, is taken as representative 
of the old Polar Pacific air mass occupying the upper Mississippi Vella y. This 
sounding shows that if surface heating reaches 70°F then a positive area is formed 
which extends from about 1-%' kilometers upward for over 3-£ kilometers. A fairly 
large portion of the positive area lies below the ice crystal level so that 
velocities greater than 8 meters per second would probably be reached at th8 ice 
crystal level. The positive area decreases rather rep idly above the let? crystal 
level so that although a thunderstorm would be expected when surface temperature 
reached about 70°P the precipitation should be as rain and not as any form of hail. 

Scattered convective thunderstorms occurred in the Upper Mississippi where 
surface temperatures exceeded about 70°P. 
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Shower typo precipitation due to orographienl lifting* 

The morning cap for 25 February, 1937, showe scattered shower type pre- 
cipitation occurring in the fairly fresh Polar Pacific air flowing over northern 
California and part cf Southern California* The precipitation is in the forts of 
light rain at Oakland, in rain showers at stations of moderate elevation to the 
South, changing to snow showers in the mountains and in the vicinity of then. 

Hie sounding for Oakland shows li^ht rain at Oakland extending from 1450 
meters to the surface* The surface point is not yet saturated since the rain 
has Just aterted* All points from 470 meters up are saturated. The adiabatic 
chart chess that if the cir at Oakh nd is lifted 200 meters to saturate the 
surface point then a small positive area is formed which extends slightly beyond 
the ice crystal level. Above the small positive area lies a large negative area 
starting at about 1100 meters* The lifted curve with the positive and negative 
areas clcsely resembles the typical setup for shower typo rein, but no thunder- 
storm* 

An increase of surface temperature of 7*4°F will produce a slightly larger 
positive eras then in case of the assumed lift of £00 meters* The showers which 
occurred were probably lergely due to surface heating* 
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Isolated Thunderstorm. 



From 1500 to 1600 on 11 March, 1957, a mild thunderstorm with .09 Inch 
precipitation as rain occurred at San Antonio, Texas. No other thunderstorms 
were reported within about 300 miles and no front came closer than 200 miles. 

The maximum temperature reached at San Antonio wae 68°F. 

The morning weather map shows that an old Polar Pacific air mass approaching 
the properties of Tropical Gulf air lies over the Central and Eastern part of 
Texas. A 29.80 low is located Southeast of Amarillo and a slow moving cold front 
lies in West Central Texas. Some convergence is occurring as indicated by the 
-.02 tendency at San Antonio when the normal diurnal tendency is 1.01. 

The sounding shows that the air is stratified as tc moisture content. From 
1150 to 1172 meters an 8° per kilometer lapse rate of equivalent potential tem- 
perature exists, from 1720 to 2990 metera a 3° per kilometer lapse rate and from 
3860 to 4920 meters a 2° per kilometer lapse rate of equivalent potential tem- 
perature exists. 

The maximum temperature reported by San Antonio for the day was 68°F (20°) 
which would be insufficient to allow the convective condensation level to bo 
reached if the curve remained unaltered during the day. But convergence will 
change the curve greatly due to the large lapse rate of specific humidity from 
the 1720 to the 2990 meter level. Iheeffects of 20 percent convergence are shown 
in the pencil curve to the left of the ascent curve. It is seen that the con- 
vergence assumed would straighten cut the ascent curve and enable convection to 
start from the 1150 meter level since a positive area is formed above this level 
by the effect of the convergence. The amount of convergence assumed is probably 
excessive for this case, but any convergence whatever will tend to enable a 
positive area (sufficient to produce a thunderstorm) to be formed more easily. 
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Som© of the ways in which sufficient positive area so situated as to cause a 
thunderstorm with precipitation as rain are:- 

1. Action of 20 percent convergence. 

2. No convergence, but surface temperature of 73j°F. 

3. 16$ convergence and temperature of 72°F. 

4. No convergence, but a lift of 450 meters will move the 2990 meter point 
dry adlabatically upward enough to clear the moist adiabatic curve along 
which free convection from the 1150 meter level is proceeding and to thus 
allow a positive area to be formed which will be situated so as to favor a 
thunderstorm with precipitation as rain* 

6. The value used for the surface specific humidity is 9.0 grams per kilo- 
gram. If this value were actually larger than the tempera tura required 
would be less. 

In this case it is difficult to tell Just what caused this Isolated 
thunderstorm, however, it seems probable the combined effects cf some convergence, 
and some lifting coupled with a surface temperature near San Antonio which was 
somewhat higher then the 68° maximum reported there. 



-28-2- 


































- 




rOHM A l. . 3 10M-4.S7 



Stable precipitation - mist and drizzle - resulting portly from convergence 
and partly free orographical lifting. 

A misty and light drizzle cord it Ion for the Gulf Coast part of Texas extending 
inland slightly beyond San Antonio in shown on the corning weather sap for 3 February 
1937, shown after pcge^J* 'ibe 0400 sounding is shown on the following page. The 
third point fron the surface was omitted from the sounding report, but it is evident 
that the lapse rote within the stratus layer will bo practically along the saturated 
adiabatic so that the third point is known since the top of th® stratus was reported. 
The sounding shows that no precipitation is reaching the surface as yet but light 
a 1st is felling from 1750 to £10 cetera, lo, from the top of the strata -cutailus 
layer. The region below 210 cetera became saturated free the foiling cist end th© 
taist soon changed to light drizzle. 

The factors causing the stratus end strato-cuauluc overcast conditions in 
Southeast Texan are: 

(a) The surface wet by wens front rain on 1 February. 

(b) Tho air reaching Texas has had some Gulf trajectory. 

(c) An active inflow cf air frees over the Gulf was induced by o region of 

cyclogene si e in Postern Texas, the Pan Handle, and Eastern Hew Vexlco. 

(d) Sose orQgmphical lifting and some convergence caused by th© presence 

of a small isallobaric Ion on 3 February. 
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Cold front passage — lifted warm air remaining stable. 



The sounding for 24 March, 1937, (San Diego) Is taken In air which Is soon 
to be lifted by a cold front. In order to determine the effect cf lifting combined 
with the convergence normally present near the center of a cyclone, curves represent- 
ing the effect of 20% convergence (curve CD) and the effect of 300 meters lift com- 
bined with 20% convergence (curve EF) are drawn- The lapse rate of equivalent 
Potential is negative from the 980 to the 1370 meter level and as soon as this 
layer becomes saturated convection will start along the moist adiabatic. Using 
the curve EF fcr combined 300 meter lift and 20% convergence a small positive area 
Is formed which is almost entirely above the lifting ice crystal level . There is 
a large negative area encountered by the rising particle which will soon cause the 
convection to cease so that no thunderstorm or showery type of precipitation would 
b© expected. 

Moderate pre-frontal and frontal rain of a fairly steady type would be expected 
at San Diego since air containing a specific humidity of several grams will be 
forced up sufficiently to reach the lifting Ice crystal level after saturation has 
been reached. The size of the positive area below the lifted icc crystal level is 
negligible, therefore no thunderstorm could occur. This is interesting in view of 
the fact that Just two days previous a thunderstorm with soft hail occurred. In 
the meanwhile subsidence has greatly stabilized the air. 

Moderate pre-frontal rain and a fairly steady rain of short duration occurred. 
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n Frontal Conditions. 



(b) Warm front or cold front precipitation Involving Instable air. 

Conditions favoring the fall of sleet are Illustrated by the A- M. 
Weather map for 9 January, 1937 . In this caseTroplcal Gulf air with two 
days of land trajectory from its source region (ie, TGg) with surface 
temperatures from 55° to 70° generally is overrunning Polar Continental 
air with two days land trajectory (le, PC g ) which has surface temperatures 
of from 10° to 20°p under the region marking about the limit of the TGg 
over-running. The anticyclonic circulation in the TGg air and the 
orientation of the front nearly along the stream lines limit the TGg over- 
running to a rather short distance from the front. 

The sounding for Murfreesboro, Tenn., sho?/s that the condensation 
level lies below the ice crystal level. For the assumed small lift of 
550 meters the corrected ascent curve shows a small positive area below 
the ice crystal level and a moderate size positive area extending from 
the ice crystal level to the top of the sounding. Precipitation should 
form as rain and no thunderstorm should occur but conditions approach those 
necessary for a mild thunderstorm. Ihe rain must fall through a cold PCg 
layer having temperatures 10° to 20° below freezing, and must freeze and 
reach the ground as sleet. The instability of the TGg air caused the 
precipitation to be intermittent. Scattered sleet and in some instances 
glazing or freezing of rain after reaching the ground occurred over several 
states. 
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Tornado Kills 
Woman,Cousin 

Missouri Visited By 
Wind, Hail Storm 



KANSAS CITY, Mo., Apr. 29. (U.R) 
—Two persons wore killed today 
and three children injured when a 
tornado destroyed three houses 
Hear Ash Grove, Mo. 

Many sections of Western Mis- 
souri suffered damage by violent 
hail storms and local tornadoes. 

Hits Farm House 

I Mrs. George Snyder and Elmer 
Corbin, a cousin, were killed when 
fi tornado struck the Corbin farm 
house near Ash Grove. 

Two children of Mrs. Snyder 
Were reported injured. A small 
baby in another home nearby was 
blown clear and only slightly hurt 
When the house was wrecked. 

Hail stones more than two inches 
In diameter gave Columbia its worst 
ice storm since 1913- Little damage 
was reported. A similar storm did 
Borne damage to automobiles in 
Kansas City. 

Church Damaged 
At Carrollton, Mo., tornadic 
Winds destroyed several barns and 
houses and blew a church off its 
foundation. Trees and telephone 
and telegraph lines also suffered. 

Another twister cut a swath 
through North Central Missouri, in- 
cluding communities around t Breck- 
enridge and Tatesville. Railway 
telegraph lines were down and 
barns were unroofed all along the 
tornado’s path. 



the west end the 



urred. over most of 

ibJLa, Missouri, 



iscairl during the day* 
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EXAMPLES OF WARM FRONT THUNDERSTORMS AMD COLD FR01Ir~THtTR j m ' " 

The weather map for 29 April, 1937, shows thunderstorms occurring along a 
warn f rent extending SSW from a center near Oklahoma City. The 0400 sounding 

<d 

$ 

for -.hr e veport , Ia«, shows TO air having almost a dry adiabatic lapse rate above 
two kilometers occupying the warm sector* A lift of 800 meters is required to 
saturate and release the potential instability of a layer of 1200 meters. The 
lifting ice crystal level is situated so that there is a fairly large pcs itive 
area below it— enough to probably insure a vertical velocity 8 meters per second 
at the ice crystal level and a large positive area above the ice crystal level 
keeps the acceleration and the velocity increasing rapidly up to high levels. 

' 

This is a case similar to type five of the classifications of Instability phenomena 
and calls fa* violent thunderstorms with hard hall since the approach of over- 
running of this TGj air over the warm front and the approach cf a cold front from 
the West should certainly lift the air the required 800 meters. 

Thunderstorms continued along the warm front but due to the rapid SB movement 
of a high pressure wedge over NE United States all except a snail portion of the 
warm f ront near the center became a cold front so that TG^ air in the warm sector 
in Missouri was squeezed by the approach of a cold front from the west and the 
retrograde warm front in the east. Violent thunderstorms occurred over most of 
Missouri and hail stones two inches in diameter fell at Columbia, Missouri, 
during the afternoon. Several Tornadoes also occurred in Missouri during the day. 
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Cold Front - Lifted Air Becoming Unstable. 

- Showery Type Precipitation. 

- Rain 

The synoptic situation shows a cold front approaching Shreeveport, La. The 

0400 13 March, 1937, sounding for Shreeveport shews an ascent curve with several 

thin potentially unstable layers (d© e ^ 0). The ascent curve lifted 360 

TdS ) 

meters shows a small positive area extending lust below the Ice crystal level 
to the 4200 meter level which seems to be of the type favoring showers but no 
thunderstorm since the positive area below the Ice crystal level Is very small. 

Light intermittent showery type rain occurred during the early afternoon 
with moderate turbulence just before the frontal passage. No thunderstorm 
occurred at Shreeveport although scattered thunderstorm occurred In North Central 
Texas. No soundings are available for Texas but It Is believed that the air 
reaching Texas had more of a Gulf trajectory than the air reaching Shreeveport 
and hence had a steeper lapse rate which would make It more unstable. 
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time sounding lA(K2 est CALIFORNIA INSTITUTE OF TECHNOLOGY station SonJ^iJ^o* 
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COMPUTED BY DATE / 
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COLD PfiOHT z Ll& B-XhfrlvO UNST'DrS 

Ihe Bounding for Dan Diego for 22 March, 1937, taken at 1500, just hours 

after a thunders tea's: with soft hail ted occurred at Pasadena shown the following: - 

1* The lapse rate of the lifted curve la greater than the racist adiabatic 

up to 3*3 kilenater and is practically along the moist adiabatic beyond 3*3 

kilometer* The unlifted ascent curve shows by a negative value of d9 e « 7° 

dS 

par kilos© ter for the surface layer and by the small lift necessary to 
saturate the surface point that it is potentially unstable end should develop 
a large positive area* 

2* A large positive area is formed between the lifted ascent curve end 
tho racist adiabatic along which the first point to become saturated (the 
lowest} rises If about a 500 cofcer lift is provided. 

3. Sufficient positive ares is available below the lifting ice crystal 
level to probably insure a velocity soaowhat greater than 8 caters per 
second at the level* 

4* A large positive area extonda for several kl lone tors beyond ths ice 
crystel level* 

5. Due to the above factors a thunderstorm with a case fora cf hail would 
be expected* Com par 3 ns this sounding with, the sounding for Shi jvepert, la* 
for 29 April, 1S37, which indicated severe hall stores for Missouri and 
resulted in hailstones two Inches in diameter, wo see that tte positive area 
and hence the acceleration of the rising layer is still increasing at o 
rapid rate in Shre veport aoindlng* In the San Diego sounding, however, tho 
positive area seems to be decreasing. This leads to the be] lef ths t the size 
and vertical extent of the positive aree above the ice crystel level ere the 
factors which determine the type of hail store which will rosult. 
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Bxample of thunderstorm with precipitation as heavy rain caused by cold 
front approach and passage. 

The sounding for Coco Solo, Canal Zone for 15 November, 1936, shows high 
relative humidities for the entire ascent. There are potentially Instable layers 
from 390 to 1700 meters and from 3070 to 3820 meters. 

The action of 20$ convergence alone would be sufficient to initiate free 
convection from the 1060 meter level and to form a positive area extending 
upward for the entire height of the sounding and containing the Ice crystal level 
near the top. 

The action of 10$ convergence would require In addition only a 2C0 meter 
lift to produce free convection and a positive area as large as In case of 20$ 
convergence . 

A lift of 350 meters alone would also establish a positive area of nearly 
the same si 2 e and position. 

Since both lifting and convergence will be present with the approach and 
passage of the cold front It would appear that the potential Instability could 
be realized. Orographlcal lifting could even set off this thunderstorm for 
neighboring regions. In this cose, however, since the air flow Is from the North- 
east, ie> from the ocean it seems probable that the orographlcal lift could not 
be obtained in the Immediate vicinity of Coco Solo. 

\ 

A severe thunderstorm with excessive lightening and with 3.15 Inches of rain 

\ 

occurred at about the time of the passage of a cold front. \ 

\ 



\ 



- 36 - 




-*• 



. 




~~7 0 1 



<Xi‘~3l 



\l 



rvJ 

pJ 

I 



P > 

U 





I 




X 






cr 


r tr 
T i 


% 

ro 

4 1 


ro 

] 




t % 


r— 


rr 


*> lo 


do 


k ~ 




04 -i 



d 



j 

* 



J ^ ^ 

V (U 

o : 


00 

7 


2 

T 


j> 


ni 


m 


— J> 
# 


•i 


di) 


u6 




w 


o 


6 


o 




<v 





! ^ 



*d 

o_ 



or 



T 



★ 

* 



jl 

£ 



l> 

ro 

to' 



if -*• 



CL. 


ii 


* 


CL_ 

K1 


6* 

f) * 


0 J fi 

* 




„ o* 

j .CL 


oi 



(N 



>4 



NO 

ni 

i 

o 



-0 J) 
I I 

r-^ 

*--cvi 



c\l 

t 






£<n 

uii irf 



in 



•*Z- 











M -*i« 

M — II 

IT — 9 



- -7 




If- K pp 



l>* 






^ * 






iK?r 



ofl.CW- 4 

,, on-zter — ° 



|.0 * -20 



US - -IX 



A i 




a • 



b 



ol 


200 


400 


600 


s6o 


1000 




OAK AND 












• <°Z 











-2 — i L. / . 



1200 
SALT LAKE 

m 4. 






/ 



/V 



1400 



# <** 



"p 

I £) 




k 



/ / i- 4 l/ ^ 



1600 




CHEYENNE 



OCCLUSIONS 



In considering occluding systems it Is Important to know whether the 
occlusion will be of the warm or of the cold front type. In the cold front type 
occlusion the approaching air behind the cold front is colder then either the 
air in the warm sector or the air under the warm front surface so that the cold 
front displaces the warm sector air forcing it aloft, le, occluding it, and the 
cold front continues as a surface cold front displacing the air which was under 
the warm front. 

In the case of the warm front type occlusion the approaching cold air behind 
the cold front has not a density as great as that cf the air under tho warm front 
ao it can not displace this air at the surface and can only displace the warm 
sector air, then move aloft as an upper cold front. 

Quite often otherwise unexplainable clouds and rain pattern may be attributed 
to the action along an upper cold front. It is of interest therefore to be able 
to detect upper cold fronts. Holzman has published a paper on this subject in the 
Monthly Heather Review, December, 1936. The following interesting situation is 
along the general lines of this article. Since an upper cold front owes its origin 
to a warm front (le, upper cold front) occlusion, and since upper cold fronts may 
be located much more readll If previous synoptic situations have indicated the 
future presence of one, the ideal method of approach is to determine before hand 
whether an occluding system will be of the warm cr of the cold front type. 

If the temperature contrast is large between the approaching cold front of 
the wave and the cold air under the warm front of the wave then it is possible to 
tell by inspection which type of occlusion will result, but when the contrast is 
small then the densities of the two air masses must be compared. 

At present, soundings from ships at sea in the approaching air mass are seldom 
available, in the following example it was necessary to use the soundings at Oakland, 
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California, on two successive days when Oakland was in the two cold air masses 

whose densities it was desirable to compare. As pointed out by Holzman (7) the 

Valve JP of an air mass being proportional to density may be compared with J? at 
T T 

the sane elevation in another air mass and by so doing a comparison of the densities 

of the two air masses is obtained. In the case of a cold front passage extending 

to the surface the P or K(density) versus altitude curve for tie cold air mass will 

T 

indicate greater valves of density at all levels than a similar curve fer the warm 
(7) (B. Holzman - Monthly Weather Review 
air. Vol. 64 - December, 1936, Pages 400 - 414.) 

Since cold fronts usually pass Oakland before reaching Southern California a 
comparison of the density curves for Oakland after a cold front passage with San 
Diego, will determine whether the cold front will pass the Los Angeles region as 
a surface front or as an upper cold front. In cases where a stratus overcast and 
drizzle condition exists in the Los Angeles region it may be very useful to deter- 
mine whether or not an approaching cold front will have dense enough air behind . 
it at the surface to displace the air characterized by overcast and drizzle. In 
case of an upper cold front passage some precipitation of a heavier type may occur 
but overcast and drizzle continues until either an offshcre gradient oC pressure 
develops or a displacement of the air present by a denser air mass occurs. 

In case of a warm front passage the P, or K (density) curve for the warm air 

T 

will indicate at all levels less density than a similar curve for the cold air 
under the warm front. 

In case of a cold front type occlusion the P vs altitude curve for the air 

T 

behind the cold front will indicate greater density at all levels than a similar 
curve for the cold air under the warm front and the cold front will move along 
the surface and not be forced aloft. 

In case of a warm front type occlusion the P vs altitude curves will cross 

T 

if the sounding in the air under the warm f ront goes high enough to penetrate the 

warm front. This will show that the approaching cold air is less dense than the 

cold air, under the warm front but that it is moredense than the warm air and will 

therefore climb along the warm front surface as an upper cold front. This idea 
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aoy be carried further. If £ vs altitude curves plotted for two successive days 

T 

at the sen© or nearby stations cross shewing nor© dense air at upper levels than 
the air at upper levels than this Is evidence of tho passage of an upper cold 
front • 

The corning weather cap for 1 February, 1957, shows an ocdU3ion Just off the 
Washington, Oregon and Northern California Coast with one PP air approaching while 
Cold RPC ail* would not be as cold as the RPC air and therefore a ware front type 
occlusion would occur. There is some evidence of an upper cold front in Washington 
and Oregon* chiefly tho slight differential In pressure at the surface is a means 
of locating the surface projection of the upper cold front . 

The £ vs altitude curves for Oakland, California, for 1 February and far 
T 

2 February (figure) show the characteristic crossing Indicative of the passage 
of an upper cold front. 

This crossing of the curves at approximately 1800 meters indicates the 
approximate level of the upper cold front. Since this level is above ths eleva- 
tion of most of the mountain plateau the upper cold front becomes a surface cold 
front over tho mountains. The density curves fcr Salt lake City, Utah, for 2 and 
5 February, 1937, show denser air at the surface extending up to about five kilo- 
meters. Above this level tha curve for 3 February shows the air to be less dense* 
This simply shows that at this level the sounding has encountered warmer and less 
dense air over- running from the West. A comparison of tho density curve for 
Oakland for 2 February In the air under the upper cold front with the density 
curve for Salt Lake City for 2 February in jRPPg air ( ) shows the Oakland 
air to be denser level for level than the Salt lake City air. Therefore a surface 
frontal passage will occur. 

Precipitation has occurred in the form of moderate rain at Oakland and moderate 
to light snow foil In the mountains to the East, the precipitation being heaviest 
in the vicinity of tho upper front. 
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A little precl pitot Ion occurred es light snow in the oountoins Best of Salt 
Lake City. Cheyemns experienced no precipitation due largely to the effects of 

subsidence in this region. Esst of Cheyenne the frontal system was regenerated 
somewhat • 

On 3 February, East of the rountains, a cold front was forced Southward by 
HiB buildup of a wedge o* high fressurs. On the upper eir cross section sketch 
for 3 February this shows up os a wedge of PC air at the grcund. 

Moderate precipitation in the form of snow occurred in the vicinity of Omaha. 
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East of the eountains the front agelm becoaes on tipper cold front* The 

density curves for Murfreesboro* Vo* for 3 and 4 February, 1937, cross In the 

characteristic Banner shewing the surface air to be less dense on 4 February 

than on 3 February while above 1600 eoters the air present on 4 February is denser 

then that above this level at the previous day* 

The upper front becomes very diffuse near Shreveport, la . but even there 

the same characteristic crossing of the density curves for before and after the 

passage of on upper cold front occurs* In this case, however, the two curves 

lie practically along each other frc®. 1EOO caters to 3300 esters showing 

practically no difference in density between thee© levels* 

In the foregoing examples soundings before urrt after the passage of an upper 

cold front were used to show that an upper cold front hod pc seed* To b© thoroughly 

useful this method would require simply a comparison of £ vs altitude curves pre- 

7 

pared fre* soundings anywhere within the air mass behind the cold front which Is 
occluding the worn sector of a cyclone and fre® any whore at low levels in the 
cold air under the warn front* Since most cyclones occlude to a great extent 
before arrival at the Pacific Cocst it would be highly desirable in certain cases 
to have soundings free ships in the approaching cold maos* 

The cost complex cloud systems that accompany warn front type occlusions occur 
during winter* In the initial stage a bolt of alto- cumulus or alto-stratus ray 
be noticed in advance of the surface shift, end the upper front easy likewise bo 
present; but as the cold wedge proceeds aloft there Is a sudden thickening of the 
alto-stratus, and within one or two hours without my evidence whatsoever froa 
Eastward - lying stations a moderate snow condition csy develop* A strato-cmmilus 
layer generally will fora beneath the lowering and thickening alto-stratus; and 
as precipitation continues, a low stratus deck eventually develops within the 
surface cold air mass, Halting ceilings to 500 - 1500 feet. 
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On the surface tap the indications of the upper cold front arc: 

(l) A slight pressure trough which may not bo noticeable unless the front 
is at cocaparetively low levels. 

(£) Opposing surface winds In high level regions where tho upper front is 
close to or on the ground. 

(3) P. zone of alto-cumulus or alto-stratus 100 to 500 miles in advance of 
tho surface front nay lead one to suspect the presence of an upper cold front 
but this can not be taken as conclusive. Usually a zona of alto-cumulus with 
little or no precipitation will mark the advance of an upper cold front in 
Spring and Autumn. In Sutsaer a series of high level thunderstoras msy serve 
to locate theregion in which en upper front lies. 
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CONCLUSION 

Further study of the factors governing various types cf precipitation 
would be greatly assisted by extensive use of the radio meteorograph since 
aircraft are unable to reach the levels at which many of the instability 
types of precipitation are formed. 

Certain typical situations have been described which sees to bo fairly 
well defined. There are many others, however, where a degree change in 
temperature or e graa par kilogram change in specific humidity at a critical 
level cay mean the difference between precipitation or no precipitation, 
between a thunderstorm of one type end another, or the difference between 
precipitation as rain or as snow. 

It is seen that a ssall error in the computation of or In the plotting 
up of a sounding say cause misleading conclusions to be cade. A sounding 
any avon be of negative value unless one considers the probable changes In 
the structure of the eir due to expected oro graph leal effects, convergence, 
divergence, frontal lifting, trajectory of the air, etc. 

In certain cases it would be highly desirable to have a series of 
soundings cade before, during, and after the formation cf various types of 
precipitation in order to follow the steps In the formation of precipitation. 
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